SUMMARY The detection of regional asynergy provides strong evidence for a critical reduction of coronary blood flow to that zone. In the present study, the usefulness of combining computer-assisted radionuclide angiography and isometric handgrip exercise testing to detect coronary heart disease (CHD) was evaluated. One hundred twenty-nine patients with chest pain undergoing cardiac catheterization were evaluated using radionuclide angiography. Thirty-four patients were found to have severe contraction abnormalities during the initial radionuclide angiographic study. Of these, 33 had significant CHD. Ninety-five patients had normal or borderline normal left ventricular contraction and therefore underwent a second radionuclide angiogram during handgrip. Radionuclide angiogram data were quantitatively analyzed by computer to determine regional left ventricular contribution to ejection fraction during handgrip stress. Of the 95 patients, 30 had normal coronary arteries of whom 26 (87%) had normal relative regional ejection fraction. Sixty-five patients had CHD; 20 had single and 45 had two or three vessel obstructive disease. Of the 20 with single vessel disease, 16 (nine at rest and an additional seven during handgrip) had an area of decreased relative regional ejection fraction ranging from 31-87% in the corresponding segment during radionuclide angiography. Of the 45 patients with two or three vessel disease, 40 had regional abnormalities in ejection fraction during handgrip of from 31-100% (24 at rest and an additional 16 during handgrip). Moreover, 24 of these patients had multiple abnormalities in relative regional ejection fraction indicating multivessel disease. Overall, of the 95 patients who underwent isometric handgrip stress, sensitivity was 86% for detection of CHD and specificity was 87% for accurately defining the patients with normal coronary arteries.
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The results of the present study suggest that the radionuclide angiographic assessment of relative regional ejection fraction during isometric handgrip exercise may provide a useful new diagnostic approach for patients with suspected CHD as well as providing important additional data concerning its location and severity.
EXPERIMENTAL AND CLINICAL STUDIES have demonstrated that regional abnormalities of myocardial contraction are sensitive manifestations of myocardial ischemia. Experimentally, studies by Tennant and Wiggers1 and by others2' 3 have shown that immediate and dramatic contraction abnormalities appear literally seconds after a reduction in coronary artery flow. Clinically, the detection of regional asynergy provides strong evidence for a critical reduction of coronary blood flow to that zone. However, a significant number of patients with coronary heart disease (CHD) do not exhibit regional asynergy at rest. 4 Isometric exercise (handgrip) is an easily applied and safely administered stress which has been shown to induce abnormal hemodynamics5-7 and asynergy8 on contrast ventriculography in patients with CHD.
Recent advances in isotopic imaging have now permitted an accurate evaluation of regional and global left ventricular performance which correlates well with contrast ventriculography.9-1' In the present study an evaluation was made of the utility of combining computer-assisted radionuclide angiography and isometric handgrip exercise testing to detect CHD in patients admitted for evaluation of chest pain.
Methods
All patients admitted for evaluation of chest pain undergoing cardiac catheterization, contrast ventriculography and coronary arteriography were entered into the study. Patients with valvular, congenital or primary myocardial disease based on cardiac catheterization were excluded. The study was approved by the research council and explained to the patients before performance.
Radionuclide angiograms were obtained using a computerized multicrystal scintillation camera (Baird Atomic System Seventy-Seven) and a one-inch thick parallel hole collimator. After administration of 200 mg of potassium perchlorate, the patient was positioned in the right anterior oblique (RAO) view and a 12-18 mCi dose of technetium-99 pertech-netate, in a volume less than 0.7 ml, was rapidly administered intravenously and flushed with 10-15 ml of D5W to obtain a bolus injection. Counts were recorded at a framing interval of 50 msec (20 frames/sec) during the "first pass" of the isotope. Data were recorded on computer disc for processing and magnetic tape for long-term storage.
The initial raw data were qualitatively reviewed to determine the presence of contraction abnormalities."' After 10 minutes, those patients considered to have normal or borderline normal left ventricular contraction were asked to squeeze a hand dynamometer (CH Stoelting and Co) to the maximum extent possible and then maintain contraction at one-third of the predetermined maximum for 34 minutes while blood pressure and heart rate were monitored.5" 6 Care was taken not to allow the patient to perform a Valsalva maneuver. Before the termination of handgrip and after an increase in systolic pressure of greater than 20 All radionuclide angiogram data were first corrected for non-uniformity of field using a uniform source each day and dead time. For the handgrip study, the background frame was obtained immediately before it was used to correct for preexisting counts. The study was then reviewed in a serial format on an oscilloscope. Frames of data containing the left ventricle were displayed, and using a zone grid representing the individual crystals a region of interest comprising the left ventricle was selected and a timeactivity curve generated. The peaks (diastole) and valleys (systole) were utilized to derive a computergenerated end-diastolic and end-systolic frame.'0'" A computer derived image of regional ejection fraction was based on the formula, CD-CS where CD-b CD = counts in diastole, Cs = counts in systole and b = background. The computer derived end-diastolic and end-systolic images were used to derive stroke volume ( fig. 1) . This frame was then divided by the end-diastolic frame corrected for background.
In a series of 44 patients with and without coronary disease, background contribution was determined as follows.", Using the computer-generated left ventricular enddiastolic frame, the region of the left ventricle was flagged and the counts displayed as a time activity curve. Accurate depiction of the aortic valve plane has been found possible in our laboratory as well as in others in the RAO projection during the first pass, thus avoiding counts over the aorta.'3'" In addition, accuracy of flagging was also confirmed by use of a computer-generated frame which delineated regions surrounding the left ventricle, thereby helping to avoid inadvertant flagging of lung tissue. Background subtraction ranging from 30-50% in 5% increments was applied in all patients and the newly derived time activity curves were utilized to determine ejection fraction by using three peaks and valleys (the maximum peak and the peaks on either side). The ejection fraction so obtained was correlated with the radionuclide ejection fraction determined in the left anterior oblique LAO view in the same patient similar to the approach described by Marshall et al. 10 and, in addition, with contrast ventriculography ejection fraction performed within 24 hours of the radionuclide angiogram. Using this approach, a background subtraction of 35% in the RAO projection of all patients provided an excellent correlation with the LAO projection (r = 0.839; y 0.9x + 0.05) and with contrast ventriculography (r = 0.801; y = 0.73x + 0.16) for a wide range of patients with normal and abnormal coronary arteries and varying severity of left ventricular asynergy.
The image resulting from this technique represents the relative contribution to ejection fraction of different zones of the left ventricle ( fig. 2 ). In addition, for aid of localization of abnormalities, a computer derived end-diastolic perimeter was added to the image of relative regional ejection fraction. The left ventricle was further divided into an anterior and inferior half using a line from the midpoint of the aortic valve plane to the apex.
Changes in regional ejection fraction were quantified as follows: The computer generated the images of relative regional ejection fraction similarly for both the rest and handgrip studies. The full range of O%o activity level to 100% was used. The computer displayed these counts normalized according to the N max (the maximum number of counts in any of the matrix elements of the image) over the full range according to a computer-generated 16 color isocount display. This permitted assessment of relative regional differences in ejection fraction as small as 6.25%. For purposes of analysis, relative decrease of ' 25% (a four-color shift) involving one-third by area of either the anterior or inferior zones was considered indicative of an abnormal regional reduction in ejection fraction.
The severity of a coronary occlusion was assessed by comparing its diameter with the diameter of the vessel immediately proximal to it.'5' '6 The obliquity in which the decrease in diameter was maximal was selected for analysis in each case with . 75% considered evidence of significant coronary arterial narrowing for purposes of analysis.
Twelve lead electrocardiograms performed routinely on all patients were analyzed for the pres-FIGURE L ( ownVuer geneimtedandiiiiooiheditioesoeinSdgdasiok (ED)',end;$vtkE S) 'a} ndstim6ke lutn(SV)at X plaved wi thout backgm tind sub rchion. aCS o--n sin :his anCd all ubsequen t imae are disaved in ia 16 arterial pressure and heart rate which return to control levels within seconds of release.8 6 Moreover, handgrip stress did not result in either patient fatigue, angina pectoris, serious ventricular arrhythmia, motion artifacts or other symptoms or signs which necessitated cessation of the study before interpretable data could be obtained.
In a recent study, bicycle ergometry stress was combined with gated equilibrium radionuclide imaging in the LAO projection.22' 23 Using these techniques, wall motion abnormalities were detected in all 47 patients with CHD, including three patients without a history of either angina or myocardial infarction. 23 In order to acquire statistically reliable results using the equilibrium technique, imaging for 2 minutes or longer was required.23 A practice session was required to determine the exercise capacity of the individual so that imaging could be performed at or close to peak stress which in turn results in potential motion artifact during the 2-minute period of data acquisition.23 However, despite these problems of suboptimal view and data acquisition, the results were excellent. Handgrip stress does not produce a degree of ischemic stress manifested by either anginal symptoms or ST segment abnormalities comparable to bicycle ergometry.24 However, it is clear that both forms of stress can produce distinct wall motion abnormalities in patients with CHD.8 28
In the present study, the choice of handgrip as the stress in association with radionuclide angiography was not associated with any complications. The consistency of the blood pressure response combined with the ability of all patients to lie quietly while maintaining the level of stress eliminated the potential problem of motion artifact. Currently, radionuclide techniques permit a framing rate of 20-25/sec which is considered adequate for heart rates of up to 105 beats/min.2 Although handgrip is advantageous in this regard due to the relatively low heart rate obtained at peak stress, this factor combined with count characteristics of current systems27 may be responsible for the few false positives, including two patients with incorrectly diagnosed asynergy and/or false negatives observed in this study. It is also conceivable that a more rigorous stress as during maximal bicycle ergometry might be useful to detect the few false negatives. An additional problem inherent in any single projection is geometric overlap of left ventricular zones. This, in addition to current limitations in resolution, may be responsible for failure to detect small areas of induced asynergy and may lead to false negatives.
The results of the present study suggest that the use of computer-assisted assessment of relative regional ejection fraction at rest and during handgrip stress provides a potentially valuable new approach to the detection, localization and quantitation of CHD. Of the 20 patients with single vessel disease, 80% were detected by assessment of relative regional ejection fraction during handgrip while 89% of 45 patients with two or three vessel disease were detected (table 2) . Thus, overall sensitivity for patients undergoing rest and handgrip radionuclide angiograms was 86%. Conversely, only four of 30 patients without CHD demonstrated abnormalities on regional ejection fraction during handgrip exercise yielding the relatively high concomitant specificity of 87%. An additional interesting observation was the localizing and quantitative information yielded by this technique. Of the patients with single vessel disease, the relative decrease in regional ejection fraction corresponded to the area supplied by the obstructed coronary artery. Moreover, only one of the patients with single vessel CHD had multiple defects. In contrast, of the 45 patients with two or three vessel disease, 24 (53%) showed multiple abnormal areas during handgrip stress, thereby correctly identifying them as having multivessel coronary artery disease. This finding takes on added significance in view of data indicating a marked difference in prognosis between patients with single vessel disease compared to multivessel disease. 28 An important consideration in the evaluation of the results obtained from a radionuclide angiogram is the underlying etiology of the contraction abnormality. Although regional contraction abnormalities at rest suggest CHD, while diffuse abnormalities suggest a cardiomyopathy, this demarcation is not invariable or absolute. Moreover, if one zone is asynergic at rest, a second zone may worsen with handgrip and thus appear to simulate the diffuse asynergy associated with a cardiomyopathy. In this regard, a recent study by Bulkley et al. has shown that the combined approach of assessing LV function by radionuclide angiography and myocardial perfusion using thallium-201 yields additional diagnostic information.29 While the sensitivity and specificity of the method reported in the present study appears higher than those reported using thallium-201 stress imaging,3>32 no studies have been performed directly comparing these two techniques. Thus, the relative role of thallium-201 imaging during stress and radionuclide angiography during stress remain to be defined by further studies. Indeed, it may well be that these two techniques will be complementary in the evaluation of patients with suspected coronary artery disease.
In summary, the results of the present study suggest that radionuclide angiographic assessment of relative regional ejection fraction during isometric handgrip exercise may provide a useful diagnostic approach for patients with suspected CHD as well as providing important additional data concerning its-location and severity.
VOL 58, No Thus, only in patients with documented variant angina did ergonovine induce chest pain with ST elevation associated with hemodynamic and metabolic evidence for myocardial ischemia concomitant with subtotal or total dynamic coronary artery narrowing. In other patients only minimal generalized coronary vasoconstriction without metabolic evidence for myocardial ischemia occurred following ergonovine, regardless of the presence or absence of chest pain.
HEMODYNAMIC CHANGES during spontaneous chest pain with ST elevation, reported by Guazzi et al.,1 2 Gaasch et al. 3 and Maseri et al.,4 include a fall in dp/dt, cardiac output and systolic arterial pressure associated with a rise in left ventricular end-diastolic pressure. No significant change occurs in heart rate.
Weiner et al.5 have shown that spontaneous attacks of chest pain and ST segment elevation were associated with myocardial lactate production. Recently, ergonovine maleate has been shown to provoke attacks of chest pain with ST elevation.6"' However, left ventricular hemodynamics and myocardial lactatepyruvate metabolism have not been systemically studied in these patients or in other patients with various chest pain syndromes after ergonovine infusion. The purpose of this study was to compare the left ventricular hemodynamic and metabolic effects of ergonovine in seven patients with variant angina and 19 patients with other chest pain syndromes. 
